Goals & configuration of an induced CO, leakage experiment at Teapot Dome, WY

Abstract

Plans have begun to study the conditions of CO2 leakage along a fault
zone from a geological reservoir by direct experimentation. This will take
place at the Teapot Dome experimental facility at the Rocky Mountain
Oilfield Testing Center/NPR-3. The target fault zone crops out at the
surface of the oil field, and can be seen where it cuts the Parkman
Sandstone and across the field’s width. 3D seismic mapping has
delineated the character & geometry of the fault at depth with high
resolution. At the surface, calcite veins within the fault zone contain
samples of “dead” hydrocarbons, evidence of previous leakage. Alkali
springs occur within the zone, and soil sample surveys present evidence
of local very high methane concentrations. Thus, the potential for
induced leakage is quite high. Geochemical fingerprinting approaches
will relate the surface hydrocarbons to specific reservoirs at depth.

The fault zone offsets three potential injection targets: The Shannon
Sandstone (~500’), the 1st Wall Creek (~1700’), and the 2nd Wall Creek
(~2100°) each oil-bearing. Before injection, well and seismic data will be
used to understand the near-fault reservoir characteristics and to build
geochemical & geomechanical models to predict leakage. Many wells
penetrate all three units near the fault that can house subsurface arrays
of monitoring tools and techniques. We anticipate using triaxial
microseismic monitoring, electrical resistance tomography (ERT),
vertical seismic profiling (VSP) and cross-well seismic methods, noble
gas tracing, and soil surveys as the minimal monitoring suite. We
anticipate adding more tools and techniques during the planning
process.
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Teapot Dome differs from many demonstration projects (e.g., Sleipner,
Weyburn) in that is primary goal is scientific and technical discovery. Results
from research are and will be public domain. As part of its mission, Teapot will
serve the needs of the DOE’s Regional Carbon Sequestration Partnerships. We
anticipate the participation of collaborators from academic, industrial, and
government sectors in the US and abroad.
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Modeling Bench Tests

The induced leakage experiment will include aspects of all
three approaches, although there is an emphasis on the
field effort. Modeling includes reactive transport models,
geomechanical models, & monitoring tool forward models.
Benchtop work will include experimental geochemistry,
rheology, & capillary entry pressure characterization.

Measurement, Monitoring, &
Verification (MMV) Technology

Scientific gains, long term success, and evolving
regulatory and economic rubrics depend on effective
MMV capabilities. Large projects will require MMV in

these four key spatial
domains. A wide range
of geophysical &
geochemical tools will
be needed for these
different
environments.
Cross-calibration and
comparison of cost,
resolution, & precision
are goals of the
leakage project.
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- 4D seismic
- Cross-well seismic
/ - VSP
- ERT and EMIT
- Microseismic
- Tilt-meters

- microgravity
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Geochemical

— Approaches

- Brine sampling

- Well-head sampling
L - Tracers (noble gas)
- Tracers (isotopes)
- - Tracers (CFC’s)
- Pre-leakage

Near Other Approaches

Reservoir - Airbourne imaging
- Space-based

- - Surface

nanodetectors

WE ANTICIPATE
USING THE MAJORITY
co, OF THESE
TECHNIQUES TO
MONITOR THE
INDUCED LEAKAGE
EXPERIMENT. WE
ALSO HOPE TO TEST
NOVEL METHODS

This work was performed under the auspices of the U.S. Department of Energy by the University of
California, Lawrence Livermore National Laboratory under contract No. W-7405-Eng-48.
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